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I. Introduction
One of the most publicly debated new medical technologies is pharmacological treatment of children diagnosed with Attention-Deficit/Hyperactivity-Disorder (henceforth ADHD). There are concerns, even among some professionals in the field, that children are over-diagnosed with ADHD; that we know too little about effects of ADHD medication and that children are, in fact, over-treated with ADHD medication. This paper is one of the first to investigate longer-run effects of pharmacological treatment of ADHD on key human capital variables such as health and criminal behavior. Particularly little is known about the latter type of outcome. More generally, our paper speaks to the literatures on the impacts of early health interventions and the importance of noncognitive skills and mental health.
ADHD is one of the most common chronic mental health problems among young children. It is estimated to affect about 3-7 % of all children (The Danish Association for Child and Adolescent Psychiatry (2008) ; American Psychiatric Association (2000)) or on average one child -more often a boy than a girl -in every classroom. The underlying prevalence is found to be constant across many countries and cultures, including North America, Australia, South America, and Europe; see Faraone et al (2003) . Core symptoms associated with ADHD are attention deficiencies, hyperactivity and impulsiveness and children often simultaneously suffer from other behavioral problems along with depression and anxiety. Hence, ADHD is likely to affect not only one's overall human capital but also one's tendency to engage in risky health behaviors.
Children with ADHD grow up in relatively disadvantaged families and their ADHD may even contribute to family vulnerability (Kvist et al. (2013) ). They have -even when in pharmacological treatment -much worse long-term outcomes than others who are comparable in terms of age and gender (Dalsgaard et al. (2002) ; Mannuzza and Klein (2000) ) and also when compared to siblings without ADHD (Currie and Stabile (2006) ; Fletcher and Wolfe (2008) ). And although a series of randomized controlled studies show that treatment with central nervous system stimulants 1 is effective in terms of reducing ADHD core symptoms and improving social behavior (van der Oord et al. (2008) ), most studies only have very short follow up periods of up to three years after randomization implying that we effectively know very little about the longer-run consequences of treating children pharmacologically. Because these studies rely on relatively small sample sizes and since attrition has shown to be a real concern in the follow-up studies already carried out (see van der Oord et al (2008)), alternative evaluation methods are called for.
We propose to exploit variation in access to pharmacological treatment generated by hospital variation in specialist physicians' propensities to prescribe to estimate effects of treatment. We use a combination of Danish registers that apart from rich socio-economic background variables include the following key information: 1) psychiatric history and diagnoses for children and their parents including information about the hospital where a diagnosis was first established, 2) history of prescription drug usage for children and their parents, and 3) measures of health and crime.
We find that the behavior of specialist physicians varies considerably across hospitals and that the prescribing behavior does affect the probability that a given child is treated. Results show that children diagnosed with ADHD on the margin of receiving pharmacological treatment have fewer hospital contacts if treated and have fewer interactions with the police.
In the analysis of health outcomes, we have sufficient data to meaningfully distinguish between birth cohorts. We document that effects are smaller in later cohorts where more children are diagnosed and treated pharmacologically before the age of ten. There are still significant gains from treatment in the later cohorts, but the results support a hypothesis of diminishing returns to broadening the group of treated.
The paper is structured as follows: Section II discusses causes of ADHD and links between ADHD and human capital, Section III presents the empirical framework, and Section IV the institutional background for the analysis. Section V shows the data, Section VI the results and Section VII concludes.
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II. Causes of ADHD and Links between ADHD and Human Capital
Recently, a series of papers such as Cunha et al. (2006) , Currie (2011) , and Currie and Almond (2010) have emphasized the importance of investing early in particularly vulnerable children.
Moreover, Cunha and Heckman (2007) show theoretically that early investments not only have a large potential pay-off, they are also efficient in the sense that an equity-efficiency trade-off does not exist, which is the case for later investments. The reasons are that skills acquired in one period persist into future periods and that skills produced at one stage raise the productivity of investment at subsequent stages. Importantly, skills are multidimensional and are likely to complement each other. The group of children with ADHD is a prime example for which we would expect early investments with immediate effects on health capital in general to also have long-term consequences for later health and human capital attainment. This paper investigates investments via pharmacological treatment. Early take-up of pharmacological treatment may have long-term effects on human capital simply because it improves behavior and therefore the likelihood of future treatment but also because of dynamic complementarities: treatment may improve cognitive skills including less impulsive behavior and more awareness of the consequences of one's actions that feed back on outcomes.
When modeling effects of pharmacological treatment, it is clearly critical to be aware of the causes of ADHD since they may be correlated with initial conditions that determine later outcomes.
Though not perfectly described, it is well known that genetic factors are very important (Faraone and Doyle (2001) ), but also premature birth, birth complications, maternal smoking and alcohol use during pregnancy are associated with ADHD (Linnet et al. (2003) ). In our sensitivity section we therefore investigate whether effects of treatment vary with health at birth and maternal smoking during pregnancy. Children with ADHD are also more likely than others to have language, cognitive and memory problems (e.g. Jensen et al. (2001) and Frazier et al. (2004) ). To address this, we investigate the extent to which results are affected by children with mental retardation (11% in our sample). Previous literature has shown that ADHD worsens learning outcomes; see for example Currie and Stabile (2006) , Fletcher and Wolfe (2008), and Ding et al (2009) .
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As mentioned above, it is well-documented that treatment with central nervous system stimulants is effective in terms of reducing the number and impact of ADHD core symptoms. 2 This evidence is based on a series of randomized controlled trials. In the seminal Multimodal Treatment Study of Children with ADHD (henceforth MTA), 579 children aged 7-9.9 years suffering from ADHD were assigned to different types of treatment for a period of 14 months. Of these, 144 children were assigned to pure pharmacological treatment. Within the 14-month period careful medication management with or without behavioral treatment was shown to be superior to routine community care or behavioral treatment in terms of reducing core symptoms, see MTA (1999) . In follow-up studies considering children three years after randomization, the difference in symptom relief diminishes over time and eventually disappears (see MTA (2004) and Molina et al. (2009) ). The studies find no impact of medication management on functioning outcomes such as social skills, relations or reading achievement. While being informative about symptom relief, these studies cannot stand alone when it comes to determining the long-term consequences of pharmacological treatment of ADHD. Unfortunately, the MTA study, as well as other randomized controlled trials, suffers from problems such as crossover and contamination after intervention; see also Molina et al.
(2009).
There is mixed evidence with regards to the long-term consequences of pharmacological treatment of ADHD on human capital accumulation based on observational methods. Paykina and Greenhill (2008) report less school disruption, anti-social behavior and academic failure following pharmacological treatment, while others raise doubt about such effects (e.g. Mendez et al. (2011) ).
A recent paper by Currie, Stabile and Jones (2013) exploits a reform of health care insurance in Quebec, Canada that lowered prices on all prescription drugs to investigate effects of Ritalin use on emotional functioning and academic outcomes for children with parent reported types of behavior associated with ADHD. They find that Ritalin use significantly worsened emotional functioning for girls and academic outcomes for boys. Regarding accumulation of health capital, we are aware of only one study by Marcus et al. (2008) that considers the link between pharmacological treatment and health. Their study uses a duration model to investigate the association between compliance in pharmacological treatment and injuries for a group of children in treatment. They find that children treated with high intensity had a non-significantly lower risk of injury than those treated with low 6 intensity. Regarding crime outcomes, a recent study by Lichtenstein et al (2012) uses Swedish register-based data to document the association between treatment receipt in adulthood and crime for individuals with ADHD while exploiting that some individuals periodically drop out of treatment.
III. Empirical Framework

III.A IV strategy
The key problem when evaluating the effects of ADHD and its treatment on human capital formation is how to identify relevant counterfactuals. For every child in pharmacological treatment for ADHD, we would ideally like to know his or her outcome in the absence of treatment. Since this is never observed, we instead ask the question: how do we find a non-treated candidate who is similar in terms of observable and unobservable characteristics except for the fact the he is not being treated? In order to credibly identify causal effects, we exploit plausible exogenous variation in access to pharmacological treatment generated by hospital variation in psychiatrists' propensity to prescribe: imagine two children, both diagnosed with ADHD and with the same characteristics; one will be treated but only because he meets a psychiatrist with preferences for using pharmacological treatment while the other does not. While we only have access to hospital level information about physicians' behavior, this strategy is inspired by Duggan (2005) who uses the same type of variation to investigate effects of second-generation antipsychotics on spending on other types of medical care, Doyle (2007 Doyle ( , 2008 who uses variation in investigator assignment to estimate causal effects of foster care, and Maestas, Mullen, and Strand (2013) who rely on random examiner variation to look at the effects of disability insurance on labor market attachment. Such variation may stem from hospital level differences in treatment culture and knowledge spillovers;
see Coleman, Katz and Menzel (1957) and Soumerai et al. (1998) . We investigate hospital level treatment cultures in detail in Section VI.A below.
The instrument is based on filled prescriptions, and therefore it reflects both the probability that the physician write a prescription and the probability that the patient fills a prescription. Both the former (aggressiveness in prescribing behavior) and the latter (better hospital level engagement with families) is potentially relevant hospital level variation in our case. The filling probability is likely correlated with socio-economic characteristics (predictive of treatment motivation or engagement)
which we control for in our analysis.
Let Y indicate a human capital outcome such as criminal behavior. X is a set of observable characteristics that determines both the propensity to receive pharmacological treatment and the outcome. PH is an indicator for receiving pharmacological treatment for ADHD.
Formally, we model the relationship between child outcomes and treatment receipt:
(1) or alternatively
where the term in the squared brackets is the error term. Clearly, PH may be correlated with ε if, for example, unobserved parental investments leads to an increased likelihood of pharmacological treatment. Also, PH may be correlated with α if pharmacological treatment is based on expected (and foreseeable) gains. To solve this, we implement an instrumental variables strategy that exploits hospital level differences in propensities to prescribe.
Observable and unobservable child and parental characteristics (X and θ) may affect whether the child with ADHD receives pharmacological treatment (PH = 1), yet the prescribing specialist physicians are instrumental in making the decision; see details below. Let Z be a hospital level measure of the physician's propensity to prescribe. We model treatment receipt as:
For the instrumental variables strategy to be valid, we need the hospital level propensity to prescribe to positively affect the likelihood that a given child diagnosed with ADHD receives pharmacological treatment. This is clearly testable (formally, we test the null γ = 0). A second, untestable, identifying assumption is that physicians do not affect children's outcomes beyond their choice of treatment. Therefore, it is crucial that individuals are not selective in their choice of hospitals and that physicians who are more likely to prescribe pharmacological treatment to children with ADHD do not systematically use other types of treatment too; see discussion below.
A final assumption (already imposed in (3) via the common coefficient γ) is monotonicity: if child i receives pharmacological treatment when met with a physician with a low propensity to prescribe, 8 then child i must also receive treatment if met with a physician with a high propensity to prescribe.
With our continuous instrument, we identify an Average Marginal Treatment Effect (AMTE) rather than the usual LATE associated with binary instruments. This parameter is the average treatment effect for children on the margin of receiving pharmacological treatment.
III.B Individual level fixed effects panel data strategy
In practice treatment is rarely initiated before the age of five and never before the age of four. 3 For health outcomes, where we have access to individual level panel data, we therefore also employ a difference-in-differences strategy, comparing outcomes for treated children prior to (age 4) and after treatment (in our main analysis age 10 +) with untreated diagnosed children before and after, corresponding to a fixed effects or first difference analysis; see Blundell and Costa Dias (2009) and Lechner (2011) . With heterogeneous treatment effects, this will provide estimates of the average treatment effect on the treated (ATET).
9 This identification strategy allows for selection into treatment based on, for instance, severity of symptoms, hospital and parental characteristics as long as these influences are constant over time.
Thus, even if particularly attentive parents are systematically more (or less) likely to engage in pharmacological treatment and more (or less) likely to use health care services at any time, it will not violate the identifying assumptions. However, if attentive parents are more (or less) likely to engage in pharmacological treatment but only more (or less) likely to use health care services when children are below 5, this would indeed violate the identifying assumptions.
Our main regression model for the difference-in-differences strategy is the following:
where Y is the outcome of interest, treat indicates that the child belongs to the treatment group (i.e.
receives pharmacological treatment before age ten), ( ) indicates post-treatment age, ε is an error term, i indexes individuals, and a indexes age, β 2 is the parameter of interest. In practice, all background variables are measured prior to or at childbirth and thus do not vary across time. The effect of these variables will therefore be cancelled out along with the individual level fixed effect,
The key identifying assumption in a difference-in-differences set-up is that there can be no differential trends between the treatment and control group in the absence of treatment. Figure 1 illustrates the relevant identifying variation and main results for the probability of hospital visits in a given year. The figure demonstrates that treated children have a higher probability of interacting with general hospitals prior to diagnosis and treatment than non-treated children, but that (except for the year of birth when children are very rarely exposed to injury) the development is otherwise parallel. After the diagnosis is established and treatment is initiated), this tendency is reversed, however. After the age of seven, treated children -who were initially more disadvantagedperform better than non-treated children.
IV. Institutional Set-up
This section describes the decision stages and agents involved in diagnosing and treating ADHD.
We consider three stages: The first step involves the seeking of a referral for evaluation at the specialist-level, the second step the establishment of a diagnosis, and the final step the treatment decision.
IV.A Seeking of a diagnosis and hospital assignment
Parents -and if not parents then in some cases school psychologists, teachers, or school nursesdecide whether to seek a referral for evaluation in the first place. Typically, this involves a visit to the family's general practitioner (GP) who serves as a gatekeeper for specialist treatment. The GP can then -if he agrees with the indications -provide parents with a referral to a specialist at a child and adolescent psychiatric hospital. Unfortunately, child and adolescent outpatient clinics experience considerable waiting lists to first contact of on average 70-80 days. 4 For the purpose of our instrumental variables strategy, however, this is convenient because it conceivably weakens the degree to which parents are able to control the choice of clinic. To a large extent parents will have to accept the available hospital for their child and to the best of our knowledge they will have no 11 systematic information about the treatment patterns of their assigned hospital prior the first visit.
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We investigate the correlation between the type of clinic and a long list of child and parental background characteristics and also perform a range of robustness tests intended to shed light on the importance of clinic selection. In the vast majority of cases, specialist physicians are child and adolescent psychiatrists, but pediatricians and neurologists also do assessments and diagnose. There is substantial variation in the size of the specialist clinics at the hospitals; some employ as few as two physicians while some have as many as 28. 6 Consultations with the GP are free of charge (for the parents) as are those with specialist physicians when equipped with a referral from the GP.
IV.B Diagnoses
Diagnoses relative-young-for-grade increases the probability of receiving an ADHD diagnosis (Dalsgaard et al. 5 If all regional general hospitals are overbooked, the GP may refer the child to a private practicing specialist. It is possible to consult with a specialist at a private clinic without a GP reference, but the parents must then pay the costs themselves.
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(2012); Dalsgaard et al. (2013) ). This would be problematic because it suggests that the ADHD diagnosis is not entirely objective and that relative standards are being applied.
IV.C Pharmacological treatment
Given an ADHD diagnosis, the specialist may recommend pharmacological treatment. This typically implies treatment with Methylphenidate (98% of the treated children in our estimation sample). Methylphenidate is almost exclusively used to treat ADHD symptoms. 9 Medications used in the treatment of ADHD all act to increase brain catecholamine level. Although Methylphenidate has been used therapeutically for more than 60 years, the precise prefrontal cortical and subcortical mechanisms of action are poorly understood, but are associated with its ability to block the dopamine and norepinephrine re-uptake transporters (Solanto (1998) ). It is well-known, however, that dopamine increases attention, interest and motivation. Common side effects are insomnia, headaches, decreased appetite, increased blood pressure and heart rate, and symptoms of depression and anxiety. Prescription drugs are heavily (and universally) subsidized by the government. The maximum yearly out-of pocket costs for individuals with chronic diseases like ADHD are $ 670.
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In fact, most children with ADHD will, according to the Law of Service, § 41, be eligible for a subsidy that covers the full costs of prescription drugs.
Parents may, of course, refuse pharmacological treatment. Thus, both the specialist a child meets, the severity of early symptoms, and parental preferences may impact on the likelihood of being treated. Regardless of the choice of pharmacological treatment and the severity of the condition, the reference program advises that children with an ADHD diagnosis are offered social skills training. This is typically the responsibility of the schools and not determined by the clinic at which the diagnosis was obtained.
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V. Data
Our starting point is the population of Danish children born in the period from 1990-1999. The main data stem from the Danish Psychiatric Central Register; see Munk-Jørgensen and Mortensen (1997) for a detailed description. These data include information about psychiatric history and diagnoses for parents and children diagnosed with Danish general hospitals. The data cover the period from 1960-2010 for the adult population but before 1994, information about children's psychiatric diagnoses was not available. Because it is extremely rare that children are diagnosed before age 4, we include children born as early as 1990.
The psychiatric registers are not constructed for research, but for administrative purposes.
Diagnoses are therefore clinical diagnoses, not the result of a systematic well-described uniform Notes: Bold indicates that mean for treated children is significantly different from the mean for non-treated children at the 5 % level. With the exception of mental retardation, which is diagnosed in connection with the ADHD diagnosis, all variables are measured in the year just prior to the birth of the child or in connection with childbirth. One child is excluded because of treatment before age 5.
We define early pharmacological treatment as purchases in an amount that corresponds to at least six months of treatment in a given year before the age of ten. 11 We think of our analyses as measuring the effects of early take-up of treatment. Pharmacological treatment of ADHD consists of Amphetamine (N06BA01), Methylphenidate (N06BA04), and Atomoxetine (N06BA09).
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To assure that early treatment is relevant for all children in our sample, we select from the original data of children born 1990-1999 the 4,557 children who have been diagnosed with ADHD at Danish general hospitals before the age of ten. These children and their parents are clearly disadvantaged in terms of background characteristics as compared to their non-ADHD counterparts:
children suffering from ADHD have worse birth outcomes, their parents have lower levels of education, are more likely to be unemployed and have lower income, are more likely to have a psychiatric diagnosis themselves and have a higher prevalence of both heart disease and respiratory disease and mothers are much more likely to smoke during pregnancy; see Appendix Table A1 .
Among children with an early diagnosis, we delete one child who was treated before the age of five to make sure that our complementary individual level panel data analysis is not contaminated. This
gives us a final sample of 4,556 children. Though some differences in background variables are statistically significant, it is not clear that treated children are either more advantaged or disadvantaged than non-treated children. One exception is that mothers of children in treatment are far more likely to have smoked during pregnancy than mothers of non-treated children and also to have respiratory diseases. 13 Among the advantageous characteristics, children in treatment have slightly higher 5-minute APGAR scores and are more likely to have a birthweight of 2,500 grams or more. Their parents are also slightly more likely to be employed.
Our sample corresponds to about 0.6 % of the children in the relevant cohorts. The share of a cohort diagnosed with ADHD before the age of ten has been increasing from 0.3 % in the 1990 cohort to 11 This corresponds to 182 defined daily doses (30 mg Methylphenidate) in a calendar year.
12 Of course, it would be interesting to evaluate the effects of the duration of treatment too; unfortunately, this is complicated by the fact that the group of children who continues in treatment is also more likely to consist of those who experience a gain.
13 See Obel et al. (2011) , who use sibling differences to show that if smoking is a causal factor behind hyperkinetic disorders, it only has a minor impact.
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1.2 % in the 1999 cohort and boys are almost four times more likely than girls to receive an ADHD diagnosis. Similarly, among children diagnosed early, the share in early treatment increases across cohorts from 19 % in the 1990 cohort to 43 % in the 1999 cohort. The share of children ever diagnosed with ADHD in Denmark (about 2 %) is below the predicted prevalence of 3-7 %. Of course, some of this is caused by the fact that we only include children diagnosed at general hospitals. Still it suggests that children in our sample are relatively severe cases.
Treated children may, of course, continue in treatment and also non-treated children may receive treatment later in life. This is important to be aware of when interpreting our formal results below. Figure 2 shows the share of children receiving any pharmacological treatment for ADHD at age ten or later by their early treatment status. We see that most children in early treatment continue after the age of nine but the share is declining with age. Children who are treated for less than six months before the age of ten (our non-treated children) also receive some pharmacological treatment at age ten and later but are much less likely to do so. Again, the share decreases with age. Strictly speaking, therefore, we measure the effects of early treatment initiation including the effects of continuing.
While there were no large differences in background characteristics for the groups of treated and non-treated children, as seen in Figure 1 above treated children do exhibit more risky health behavior prior to treatment than non-treated children in that they have more contacts with general hospitals. As shown by Dalsgaard et al (forthcoming) , treated children also have more early injuries than non-treated children. We interpret this type of early health behavior as a proxy for the severity of ADHD in a child and we exploit this directly in our sensitivity analyses. Of course, it will also be important to control for early symptoms at the individual level. 
Non-treated
Notes: Treatment status is defined as pharmacological treatment for at least six months in a year before the age of ten.
One child excluded because of treatment before age 5.
Our estimations will consider two types of outcomes: 1) health outcomes (one or more contacts with general hospitals at age 10 (excluding hospital visits associated with the treatment of ADHD), number of contacts with general hospitals at age 10 (again excluding hospital visits associated with the treatment of ADHD); one or more contacts with the emergency ward at age 10; number of contacts with the emergency ward at age 10) and 2) crime outcomes (one or more interactions and number of interactions with the police at ages 12-15; at least one charge at ages 16 and 17). For the health outcomes that are measured at age 10, we will rely on all birth cohorts from 1990-1999 while analyses of crime outcomes will use only subsets of these cohorts. Information about charges at age 16, for example, is available until 2011 allowing us to use the 1990-1995 cohorts. Outcome means are shown with the results tables.
VI. Results
As discussed above, our main estimation strategy uses hospital level variation in propensities to prescribe pharmacological treatment to identify causal effects of treatment. This section first details the instrument and discusses hospital assignment. After this, we present our analysis of the effects of pharmacological treatment.
VI.A Hospital variation and assignment
Formally, we define our instrument as: for child i the share of treated among other children born in the same cohort and diagnosed at the same hospital. Thus the focal child is removed before the share is calculated. To be included in our IV analysis, the hospital must diagnose at least one other child born in the same cohort. 14 In the health sample we rely on variation in the treatment propensity among 422 hospital-cohort combinations with on average just above nine children per hospital-cohort combination. Importantly, our analysis below includes regional 15 and cohort fixed effects. Therefore, we essentially exploit variation in hospital level behavior (towards children born at the same point in time) relative to the behavior of physicians at other hospitals in the broader region. Figure 3 shows a stylized example of the geographic set-up: a given region will have a limited number of hospitals and children from within the region will have a chance to go to either of them depending on who has an available specialist, independently of the general practitioner the child sees or the school and police district children belong to. Importantly, school and police districts will be much smaller than the typical catchment areas of the hospitals. To the extent that more (or less) successful school districts, for example, are systematically found in regions where psychiatrics prescribe more, this should be captured by our region fixed effects.
In this section, we conservatively present the results for the instruments while relying on the larger health sample. Our conclusions do not change when considering the smaller estimation samples; in fact because of the smaller sample size, the set of tests that we apply to our instruments to render probable that the identifying assumptions are not violated obviously have less power with fewer observations.
14 Results are robust to excluding hospitals that diagnose less than 5/10 other children and to conditioning on treating at least one other child born in the same cohort. This is important to the extent that our measure of the tendency to prescribe is less precise in hospitals that diagnose and treat fewer children. 15 In our main analysis, regional dummies indicate diagnosis region.
FIGURE 3
STYLIZED GEOGRAPHIC SET-UP FIGURE 4
DISTRIBUTION OF HOSPITAL LEVEL PROPENSITIES TO PRESCRIBE
Notes: The propensity to prescribe is defined as the share of other children born in the same cohort and diagnosed at the same hospital. Figure 4 shows the distributions of the propensity to prescribe. Clearly, there is very little support above values of 0.6. In practice, we will rely on variation in the instrument that lies strictly within the area of support and the results should be interpreted accordingly.
To gain insights into the nature of this considerable variation, we graph hospital specific treatment propensities across cohorts. While there is, as expected, some noise in these processes, we are able to categorize hospitals into four classes: a) consistent high treaters, b) trend followers, c) consistent low treaters, and d) regime jumpers. Figure 5 shows an example of each type. Adjusting for the overall trend, hospitals in the first three categories -the vast majority -exhibit fairly stable treatment behaviors across cohorts of diagnosed children. This supports our hypothesis that differences in treatment cultures drive observed differences in treatment propensities. We do see some hospitals change their behavior dramatically over time; this always reflects an upwards jump in treatment propensity and sometimes happens after a period with low overall activity (fewer than 10 diagnosed children per cohort). Interestingly, we see that "regime jumpers" are most often smaller psychiatric units that diagnose relatively few children or non-psychiatric departments where children are typically diagnosed by neurologists or pediatricians; see Section IV.A. As long as regime jumps are seen for exogenous reasons such as change of management or the arrival of new information about use of treatment elsewhere, our identification strategy will still be valid. Jumps in the severity of ADHD of the patients diagnosed at the department, on the other hand, will be problematic for our strategy. Department (and hence physician) type also contributes to the variation in the probability of early treatment. As expected, psychiatric departments are significantly more likely to use pharmacological treatment: 35% of children diagnosed at a psychiatric department are treated before the age of 10 compared to 26 % of children diagnosed at other types of hospital departments.
One issue with our strategy is parental agency in pursuing treatment. The concern is that parents of children with more severe ADHD will be more aggressive in securing appointments with physicians who are more likely to prescribe stimulant medications. This will cause a downwards bias in our results. Or we might see that more resourceful and skilled parents seek diagnosis and treatment, which might cause an upward bias in our results. We first test how our instrument relates to background characteristics of the child and his family (and simple hospital characteristics: i) whether the child is diagnosed at a hospital that receives more than the median number of children and ii) a proxy for whether the hospital only sees "mild cases", defined as children with less than the median number of injuries before age 5) in a simple OLS regression. We find that although a few coefficients are statistically significant, most are small in size. Importantly, we find very low correlations between the instrument and early injuries, parental education and labor market attachment. Results are available on request. Another way to think about this issue is as selective clinic choice: it is possible that some parents move to get access to pharmacological treatment via a hospital with a higher propensity to prescribe if they believe strongly in a positive effect. This would be problematic for our estimation strategy because it would imply a potential correlation between the instrument and gains from treatment. First remember that our instrument is largely uncorrelated with parental and child characteristics suggesting that this issue is of minor importance. Second, in our robustness analysis below we show that a) constructing our instrument at the county level instead in order to minimize local strategic choices and b) basing our instrument on place of birth instead of diagnosis do not change our results.
A closely related issue with our strategy is so-called treatment by indication: physicians at hospitals who are observed to treat more just do so because they meet children who suffer from more severe ADHD. An indirect test of this phenomenon is to consider the relationship between the instrument and the propensity to diagnose at the population level: if living in an area where hospitals treat more heavily also implies that a child from the overall population is, for example more (or less) likely to be diagnosed in the first place, we would worry that high treatment hospitals see different types of children. We estimate a probit for diagnosis receipt and condition on the full set of background variables in addition to the propensity to prescribe at the hospitals within the county (i.e. the hospitals a child living within the county would have a risk of meeting) and conclude that there is 22 little relationship between the risk of receiving a diagnosis and the original instrument. The results are available on request and imply that if the propensity to treat in county increases by 10 percentage points (relative to a mean of 0.32), this will increase the number of diagnoses relative to the mean with 0.00014/0.006= 2.3 %.
Another issue is whether hospitals that treat more early also differ in terms of other practices. Since social skills training is primarily the responsibility of the schools, we are mostly concerned about other medical treatment provided by the specialist physicians. Of course, if the amount of social skills training and pedagogical back-up in schools is lowered as a consequence of medical treatment, our estimates will likely be biased. However, in this case (and assuming that such additional interventions improve child outcomes), our strategy most likely estimates a lower bound on the effects of medical treatment. For 1998-1999 birth cohorts we have information about early enrolment into schools designed for children with special needs. We find no differences in the likelihood that treated and non-treated children receive such additional pedagogical treatment; the share of treated children enrolled at age 8 (9) is 0.193 (0.204) whereas the share of untreated children enrolled at age 8 (9) is 0.191 (0.218). Finally, we saw above that children who are treated early are also more likely to receive treatment later in their life. We find, however, no strong association between the instrument and use of the five most common other nervous system drugs.
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In the same way, we also investigate whether our instruments are associated with age at diagnosis and find no evidence in favor of this hypothesis: an increase in age at diagnosis of one year is associated with a reduction in the overall propensity to prescribe of 0.002. Strictly speaking, therefore, our instruments measure the propensity to prescribe more early and to continue longer but it does not capture other factors such as special schools, other types of medication, or diagnosis age. This is the treatment regime to have in mind when interpreting our results. Table 2 shows the first stage results for the health sample. We see that the relationship between the probability of treatment receipt and the instrument is positive: being exposed to a high-intensity treatment regime increases the probability that a given child is treated. The first column shows results without additional covariates while the second column adds cohort and regional control variables and the third column adds child and parental characteristics. As expected given the time variation in prescription rates, adding cohort and regional control variables reduces the relationship between treatment receipt and our instrument but further conditioning on background characteristics leaves the coefficient estimate associated with the instrument unchanged. Figure 6 documents that the relationship between the probability of treatment receipt (actual and predicted) and the instrument is in fact monotonous over the support of the instruments. As argued by Doyle (2007) , this provides some support for the monotonicity assumption discussed above.
VI.B First stage results
FIGURE 6 HOSPITAL LEVEL PROPENSITIES TO PRESCRIBE AND THE PROBABILITY OF EARLY TREATMENT
Notes: Treatment is defined as pharmacological treatment for at least six months in a year before the age of ten. Left graph shows results without control variables, right panel results with control variables (same as Table 2 ). One child excluded because of treatment before age 5.
VI.C Effects of treatment on health and crime outcomes: OLS and IV Results
OLS and IV results are shown in Table 3 . We first investigate the effects of treatment on health outcomes. We show results with cohort and regional dummies included and results that include the entire conditioning set. Including individual level covariates merely adds precision to the estimates. 
Local polynomial smooth
We see that treatment is effective in reducing interactions with general hospitals at age 10, both in terms of the incidence and number of hospital visits. Additional analyses, available on request, indicate that this is driven by a reduction in injuries. In line with this, we also find some reductions in emergency ward visits. The reason that we see more precisely estimated effects on injuries than on emergency ward visits is that injuries may also be treated outside of the emergency ward. The OLS results are much smaller in size than the IV results; to the extent that treated children are negatively selected this is expected. 17 Remember also that the IV analysis estimates average effects for children on the margin of receiving pharmacological treatment and this parameter is rarely directly comparable to the OLS. Still, since estimates in some cases exceed the mean, it has to be the case that those affected by treatment are those with a high baseline level risk of injuries. The large coefficients do suggest caution in interpretation however.
We next investigate crime outcomes. The OLS results suggest no benefits associated with treatment. This pattern is reversed in the IV analyses; here we find large and significant gains from treatment at ages 12-13. Parameter estimates are similar at older ages though, possibly because of smaller samples, primarily insignificant. Crime results for ages 14-16 are shown in Appendix Table   A2 .
Threats to validity in the IV strategy
We discussed above that our instrument measures propensities to prescribe more early and to continue longer but it is informative about the ADHD medication tendency alone. We also saw that there is little tendency for families to move to counties where hospitals treat more intensively. We formally address issues of treatment by indication and strategic settlement in this section. Due to space considerations, we restrict ourselves to the main health outcomes. The full set of results is available on request. First, we use an alternative instrument based on the propensity to treat children with less severe ADHD, namely the share of treated among other children with weak symptoms as proxied by a low number of pre-treatment injuries and poisoning. This is precisely an attempt to hold fixed the severity of ADHD. We define the number of early injuries and poisoning to be low if the sum of these before the age of five lies below the median. Of course, this may primarily capture hyperactivity/impulsiveness or inattentiveness in children, which may be rather select consequences 26 of early ADHD. Results are shown in column 3 in Table A3 . Second, we address potential selection of hospitals within a county by defining our instrument at the county level instead of at the hospital level. In this analysis, county is defined at the time of diagnosis (column 4). Finally, we investigate strategic settlement in the time between the birth of the child and the actual diagnosis by using variation in treatment propensities in the birth county (column 5). Results vary a little between the main specification and the three additional robustness analyses but the overall conclusion is the same.
VI.D Effects of treatment on health outcomes: Individual level fixed effects panel data results
As discussed above, our individual level panel data information on health outcomes allows for a difference-in-difference analysis with individual level fixed effects. Remember that this analysis compares outcomes for treated children prior to (age 4) and after treatment (age 10) with untreated but diagnosed children before and after; see Figure 1 . Though we saw above that hospitals that are more likely to prescribe do not tend to use other medication more, we cannot completely rule out that such hospitals are simply better in other but unobserved dimensions. Such hospital specific effects will be out in a panel data analysis. Table 4 shows the formal results. Again, due to space considerations, we conservatively show results for the indicator for interactions with general hospitals and emergency wards but other results are available on request. For comparison, we reproduce simply the OLS results in columns 1-2. In line with the IV analysis, we find that early pharmacological treatment is effective in significantly improving health outcomes: the probability of being in contact with a general hospital at least once is reduced with 7 percentage points, corresponding to just below 30% of the mean at age 10.
The panel data analysis actually provides for a test of the importance of hospital specific effects beyond differences in their use of prescription drugs: Table A4 shows panel data estimates of the effects of treatment for hospitals with below and above the median value of the instrument.
Importantly, we find no significant differences between these two sets of results. Notes: Treatment is defined as pharmacological treatment for at least six months in a year before the age of ten. Bold indicates that coefficient is significant at the 5 % level and italic indicates significance at the 10 % level. Standard errors reported below coefficient estimates. Instrument lies in 0-0.6 interval. Standard errors clustered at cohortXcounty level. Table 2 . One child excluded because of treatment before age 5.
Control variables as in
VI.E Heterogeneity in Results
We finally investigate whether results vary across subgroups. We have performed analyses for boys, children born to mothers with more than a high school degree, children without a mental retardation diagnosis, children with a birthweight above 3,000 grams, children born to mothers who did not smoke during pregnancy, and children who are not in treatment with the five most common other types of nervous system drugs. Our main conclusions are robust to these exercises and the full set of results is available on request. Notes: Treatment is defined as pharmacological treatment for at least six months in a year before the age of ten. Bold (italic) indicates significance at the 5% (10%) level. Standard errors assume homoscedasticity unless otherwise noted.
As pointed out above, many more children are diagnosed early and treated pharmacologically in the later cohorts. Two competing hypotheses may explain this development. First of all, it is possible that diagnostic tools have improved in recent years and that diagnosed cases born in later cohorts suffer from ADHD to the same extent as children born in earlier cohorts. In this case we will expect the effects of pharmacological treatment to be the same in early and late cohorts. Secondly, it is possible that the group of treated has been broadened to include children with less severe symptoms. In this case we will expect the effects of pharmacological treatment to decline in late cohorts. Table 5 investigates this for the larger health sample. We distinguish between the 1990-1994 cohorts and the 1995-1999 cohorts from the original sample and add interactions between the treatment indicator (and the instrument in the IV analysis) and a recent-cohort-indicator. We see that estimated effects are smaller in the more recent cohorts and significantly so in the panel data
analysis. There are still significant gains from treatment in the later cohorts, 18 but the results are at least in line with diminishing returns to broadening the group of treated. Table 2 . One child excluded because of treatment before age 5.
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VII. Conclusion
This paper investigates the effect of early pharmacological treatment of ADHD on children's human capital development while relying on register-based data on diagnoses and treatment for children born in 1990-1999. Our main analysis exploits variation in hospital level differences in propensities to prescribe treatment and a particular innovation of our paper is that we are to some extent able to control the severity of ADHD for the purposes of constructing the instrumental variable. Our analysis of effects on health outcomes allows for a complementary difference-indifference analysis where we compare outcomes of treated children prior to (age four) and after treatment (age 10 +) with untreated diagnosed children before and after.
We find that the behavior of specialist physicians varies considerably across hospitals and that the prescribing behavior does affect the probability that a given child is treated. Results show that children diagnosed with ADHD on the margin of receiving pharmacological treatment have fewer hospital contacts if treated and are less likely to be charged with crime. We do find that estimated health effects are significantly smaller in later cohorts where more children are diagnosed and treated pharmacologically before the age of ten. There are still significant gains from treatment in the later cohorts, but these results are consistent with a hypothesis of diminishing returns to expanding treatment. This is particularly important in terms of policy-making because the share of children diagnosed in Denmark is relatively low and those diagnosed more likely to be higher in the severity spectrum than in other countries. Hence our study does not license much broader use of stimulants. Rather, it suggests that prescribing pharmacological treatment to children with less severe ADHD may not be beneficial in terms of the outcomes considered in this paper. In general, the degree to which broadening treatment is beneficial is likely to depend upon the prevailing treatment culture; in a setting where highly symptomatic children are deprived of treatment, granting access to treatment is likely to be more beneficial than in settings where treatments are given to children with mild or no symptoms.
From the point of view of the individual, the family and the society, the long-term benefits of pharmacological treatment of ADHD extend beyond the relief of the symptoms related to the syndrome. These benefits should be traded off against the (low) financial costs of the drugs combined with the potential detrimental short-and long-term side effects of medication such as insomnia, decreased appetite and increased blood pressure. Notes: Treatment is defined as pharmacological treatment for at least six months in a year before the age of ten. Bold indicates that coefficient is significant at the 5 % level and italic indicates significance at the 10 % level. Instruments lie in 0-0.6 interval. Standard errors clustered at cohortXcounty level. Control variables as in Table 2 . One child excluded because of treatment before age 5. Notes: Bold indicates that coefficient is significant at the 5 % level and italic indicates significance at the 10 % level.
Conditioning set corresponds to the variables in Table 2 . Cohort and regional dummies included. Standard errors clustered at cohortXcounty level. Propensity to treat at ward
IV:
Notes: Bold indicates that coefficient is significant at the 5 % level and italic indicates significance at the 10 % level.
Conditioning set corresponds to the variables in Table 2 . Cohort and regional dummies included. Standard errors clustered at cohortXcounty level. One child excluded because of treatment before age 5. Notes: Treatment is defined as pharmacological treatment for at least six months in a year before the age of ten. Age 4 comparisons in panel data analysis. Bold (italic) indicates significance at the 5% (10%) level. Conditioning set corresponds to the variables in Table 2 . Standard errors clustered at cohortXcounty. One child excluded because of treatment before age 5.
